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Highlights of Expected Results

erstanding Basic Processes/Gettin

Description

Process models incorporate best, state-of-the art,
Can detect presence of fluid in fractures in some case

Can distinguish the subset of fractures that are conduits

Can map/predict H20 distribution and flow at multiple spacial scales

Real-time interpretation and visualization of fluid flow and contaminant transport

Formulate reaction kinetics and rate laws (In solution) for priority vadose zone conditions

Can detect individual chemical contaminants in vadose zone

Have kinetics for important surface chemical reactions (e.g., ion exchange and colloids)

Flow and transport models map and predict important surface-liquid chemical interactions Contaminant biotransformation rates
Understand and predict how microbial processes affect or are affected by bioavailability of important contaminants
Can measure biochemical rates in situ bioavailability composition and activity of microbiological community
Reactive transport models can predict how microorganisms will interact with contaminants

Inexpensive systems to measure community composition and activity are available

Can predict bio-degradation rates for important contaminants

Ability to get biological measures along with others without destroying sample

Can detect or know how to sample and analyze for mobile colloids

Important colloid-contaminant interactions understood at micro and macro levels

Flow and transport models map/predict important colloidal interactions and transport

Can model processes with unstable or preferential flow of aqueous and non-aqueous phases

Can detect and interpret multi-phase flow and transport of complex contaminant mixtures at field sites

Site assessment models incorporate multi-phase flow and transport

Can identify onset of chaotic/unstable processes

Can determine whether/when chaotic conditions are important at a site

Site assessment models incorporate models for chaotic/unstable flow

and

Combining Basics to Measure, Monitor, a ”:

Description

Have identified highest priority coupled GHCB processes

Understand strengths, weaknesses of existing models

Can model some important strongly coupled phenomena

Have validated/field tested process models for important strongly coupled phenomena across spatial and temporal scales
Site assessment models incorporate all important couple GHCB phenomena realistically
Can simulate scaling problems of important GHCB ph using probabilistic deli
Can measure and model coupled GHCB phenomena across spatial scales

Site models incorporate strongly transient and pled GHCB ph for Itiple time periods

Site models incorporate scaling with estimates of uncertainly (can propagate uncertainty estimates across spatial

and temporal scales)

Have identified (understand) sources of uncertainty for vadose zone monitoring and modeling

Have assessed and catalogued state-of-art methods for estimating and reducing uncertainty

Have developed and tested new probabilistic approaches for estimating and reducing uncertainty

Can optimize characterization and monitoring systems and predict value of additional data for reducing uncertainty

Site assessment models incorporate hniques for i ing and r ing uncertainty in making decisions

Several conceptual fate and transport models validated with field data

Catalog of proven fate and transport models available for general use

Real-time monitoring provides early warning of contaminant movement

(o] g of dized monitoring approaches

Can compare ing techniq using dard set of synthetic test problems

Have models for sampling events and instrument response to improve instruments/network design

Can test and validate site-specific integrated models in laboratory and field experiments according to standard protocols
Site-wide assessment models are credible to both scientific and public policy communities
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Necessary Supporting Capabilities and :H

ID# Description

Can access a virtual library of qualified GHCB data

Can run virtual library data on prototype GHCB models

Can simulate critical features of priority vadose zone sites using GHCB models and virtual library data

Prototype sensors that are small enough to fit 10 in a two-inch hole

Can characterize geology and hydrology of site at 10m scale with one month turn-around

D loped/tested hniques to minimi: effects

Minimally invasive emplacement methods and prototype sensors are available as alternatives to conventional boreholes
Can characterize geology and hydrology at 1m scale with one day turn-around

Injectable, smart sensors available off the shelf; non-invasive methods available for measuring key flow/transport properties
Can characterize geology and hydrology at 1m scale in real-time for most sites

Can access numerical laboratory linked with instrumented field sites to conduct experiments on network design and data value
Can use numberical lab with field data to optimize networks for field-scale experiments

Can use network optimization design hods to explain t-b fit risk trade-offs to end users

Sensitivity to network design can be quickly determined for vadose zone sites

Facilities for Integrated Field Experiments (IFEs) constructed at representative sites

Results from first series of short-term IFEs available

Results from long-term IFEs are supporting and testing design research, model validation, and monitoring networks

Can access shared software environments (PSE) which has common data structure for characterization/ itoring and

and a limited set of numerical modeling tools

Extended PSE incorporates wide range of numerical methods, is linked to GIS and incorporates computational test bed

for validating models

PSE incorporates realistic models for all p GHCB p tate-of-art numerics and supports a value of
information assessment

State-of-art numerical methods are adapted for vadose zone problems

Wide range of numerical methods relevant to vadose zone problems are available

Site assessment models can automatically select best numerical method at a spatial and temporal scale to minimize numerical
error in decision variables

Begin acquisition for e I high-power computing capability (EHPCC)

First generation EHPCC in use

Second generation EHPCC in use

Near-Term

Mid-Term

Long-Term
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R&D Activities
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